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Abstract 


Samples from the beta cloth cover for a battery orbit replaceable unit from the International Space 
Station (ISS) were characterized using optical and electron microscopy, UV-vis-NIR spectrophotometry, 
and x-ray energy dispersive spectroscopy. Results showed that in areas where the fabric was exposed to 
solar radiation the absorptance increased by as much as 20 percent, and the peak difference was in the 
ultraviolet, indicating that the increased absorptance may have been due to radiation. The emissivity of 
the material over a temperature range of 300 to 700 K was essentially unchanged. 
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p(A) reflectivity 
S(A) air mass zero solar spectrum 
UV-vis-NIR ultraviolet-visible-near infrared spectrum (250 to 2500 nm) 


1.0 Introduction 


NASA is actively planning missions that will take humans into deep space for long periods of time. 
These may include returning to the moon, visiting a near-Earth asteroid, or undertaking a human mission 
to Mars. Mission lengths have been estimated to last from 6 months to 3 years. These long missions will 
require spacesuits to be exposed to the solar radiation environment for much longer periods of time than 
they have been heretofore. To date the most exposure to the space environment spacesuits have seen is a 
few tens of hours. A spacesuit used during any of the planned extended missions will likely see many 
more hours than that. 

In an attempt to quantify what damage might occur to spacesuit fabrics during a long mission, the 
Spacesuit Fabrics Exposure Experiment was included as part of the Materials International Space Station 
Experiment-7 (MISSE-7). The results of this experiment have been described previously (Ref. 1), and are 
briefly summarized here. Pristine and dust-abraded samples of outer layer spacesuit fabrics were flown on 
the wake side passive experiment container (PEC) for approximately eighteen months, from November 
2009 to May 2011. They were exposed to the space radiation environment of low Earth orbit (LEO), 
which is similar to that of the moon, though reduced in particle radiation because many of the solar wind 
ions are captured by the van Allen radiation belts, well above International Space Station (ISS) orbit. It 
was hoped that the long-term exposure in LEO will shed light on the extent to which spacesuit fabrics 
will degrade in long-term exposure on the moon, and how dust abrasion affects it. 

The fabric samples were characterized using optical microscopy, Field Emission Scanning Electron 
Microscopy (FESEM), energy dispersive x-ray spectroscopy (EDS), optical spectroscopy and tensile 
testing after exposure on the ISS. Comparison of pre- and post-flight characterizations showed that space 
radiation darkened and reddened all six fabrics. On space exposure, the a of FEP fabric of the type used 
during the Apollo missions increased by 27 percent, and that of the modern Ortho-fabric increased by 
38 percent. The a of FEP fabric abraded with JSC-1A lunar simulant increased by 7 percent, and JSC-1A 
abraded Ortho-fabric increased 9 percent. In both cases most of their spectra could be explained as a 
linear addition of the fabric and the dust, though the correlation did not hold in the visible and UV 
wavelengths for the Ortho-fabric. Spectroscopically, the lunar dust-laden fabric sample from Alan Bean’s 
Apollo 12 suit darkened, but did not appreciably redden, though it appears redder to the eye. No evidence 
of contamination was seen in the EDS results, suggesting that the discoloration was due to radiation 
damage. Even though the samples were positioned on the wake side, because the ISS periodically 
reoriented to accommodate the docking of the Space Shuttle, the samples were exposed to the equivalent 
of about 38 days of ram AO. Evidence for this was seen in the oxidation of silver-coated fasteners and the 
etching of fabric fibers. The erosion seen in the fibers was qualitatively consistent with previously 
reported values for the erosion yields of the materials. Space exposure decreased the ultimate tensile 
strength and elongation to failure of the Alan Bean Apollo 12 space suit fibers by a factor of four and 
increased the elastic modulus by a factor of two. The severity of the degradation of the fabric samples 
over the 18 month exposure period demonstrates the necessity to find ways to prevent or mitigate 
radiation damage to spacesuits when planning extended missions to the moon. 

In order to get some indication of how the fabric degradation might progress over longer periods of 
time, the B-cloth from a battery orbital replacement unit (ORU) that had been exposed to the space 
environment for 8.6 years was analyzed. A battery ORU is a replaceable set of rechargeable nickel 
hydrogen batteries used to power the ISS when it is not in direct sunlight (Fig. 1). The batteries are then 
recharged by the solar arrays each time the ISS orbit takes them into the sun. The ORU was protected by 
a scrim cloth covered by 21 layers of perforated vapor deposited aluminized Kapton® sheet covered by a 
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Figure 1.—(a) A battery ORU and the array of nickel hydrogen batteries it contains and (b) astronauts installing a 
battery ORU on the ISS. 


second scrim cloth, with the beta cloth (PTFE-coated fiberglass) outer layer. The layers were stitched 
together with embedded wire for grounding. The ORU also has black trim made from carbon loaded 
PTFE. Although the material is not the same as either the Apollo or present spacesuit materials, all of 
them have a PTFE or FEP surface, and so should react similarly to the space environment. Samples were 
taken from battery ORU S/N 15, one of the first set of six battery ORUs flown on ISS. 

The durability of B-cloth on long-term space exposure has been evaluated before. It was included in the 
Long Duration Exposure Facility (LDEF), a large cylindrical facility that was placed in orbit by the Space 
Shuttle Challenger in April 1984 and retrieved by Space Shuttle Columbia in January 1990. The 
8-cloth sample was exposed for 5.7 years in a constant orientation of 22° off of ram and was analyzed by 
Linton (Ref. 2). The environmental exposure was characterized as including 8,680 estimated sun hours of 
UV radiation, AO exposure of 8.17x10*' atom/cm”, a proton fluence (0.05 to 200 MeV) of 10’/cm’, an 
electron fluence of 10'?/cm? for 50 keV to 10°/cm”* for 3.0 MeV, and about 32,000 thermal cycles. They 
found that the more exposure B-cloth had to AO, the darker it became. They attributed this to increased light 
absorption from the more highly textured surface and the exposed glass in the surface. They also found that 
the PTFE polymer erosion did not release glass fibers. In addition, the glass fibers prevented further erosion 
of the PTFE. The backside of the samples did not change appreciably from the starting material. 

The fortuitous opportunity to evaluate the ORU B-cloth provided an opportunity to confirm the results 
of the LDEF sample. Because this ORU was not part of a space exposure experiment, the environment 
was not characterized. Nor was the orientation controlled, or even constant. But the exposure was some 
20 percent longer, and the variation 1n the orientation more indicative of realistic spacesuit exposure. 

The battery ORU S/N 15 was one of six installed on the P6 truss was launched November 30, 2000 
on the Space Shuttle Endeavor (STS 97). Endeavor docked with the ISS on December 2, and the next day 
installed the P6 integrated truss segment onto the Z1 segment (Fig. 2). P6 supported the first set of solar 
arrays and the supporting battery ORUs, including S/N 15. The ORU was oriented such that it faced the 
starboard side of the truss, orthogonal to the ram and zenith directions. It remained in this position 
2520 days (6.9 yr). 

On October 28, 2007 the P6 truss was removed from the Z1 segment to the ISS robotic arm. On 
October 29, the P6 truss was moved to Space Shuttle Discovery’s (STS 120) robotic arm, and on 
October 30, it was installed at the end of the P5 truss (Fig. 3). After installation at the end of PS the ORU 
faced the zenith direction when the Beta Gimbal was set at zero. However, as the ISS orbits the Earth, the 
gimbal continuously rotates, so the ORU was subjected to a continuous cycling through zenith, ram, 
nadir, and wake directions. 

After 632 days, on July 24, 2009, the six battery P6 truss ORUs were returned to Endeavor’s bay 
(STS-127). Battery ORU S/N 15 was returned to Earth on July 31, 2009 after being exposed to the LEO 
environment for 3156 days (8.6 years). 
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Figure 2.—Configuration of the ISS when battery ORU S/N 15 was first attached to the 
P6 integrated truss segment. The motion of the ISS is away from the camera, and the 
arrow shows the approximate location of the ORU. 





Figure 3.—Configuration of the ISS after the P6 integrated truss segment containing battery 
ORU S/N 15 was moved to the end of the P5 integrated truss segment. The motion of the ISS is 
away from the camera, and the arrow shows the approximate location of the ORU. 
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2.0 Methods 


The ORU was returned to the NASA Glenn Research Center to be put in storage at Plumbrook 
Station. But before storage, pieces were cut from each of the five accessible sides, bagged, and set aside 
for analysis. The five sides were labeled A through E, with side A facing roughly in the wake direction 
and the other sides orthogonally oriented as illustrated in Figure 4. Although the orientation of this ORU 
is not known, since sides B and D saw more degradation than sides C and D, it is speculated that it was in 
the orientation shown in Figure 4. If so, side E would have been zenith facing as it faces the radiator panel 
which likewise is oriented zenith for optimum heat rejection. 

Seven samples were cut from the ORU cover, two each from sides A and B (one from the lightest 
spot (Al, B1) and one from the darkest spot (A2, B2)), and one each from other sides (C1, D1, and E1). 
In addition, two samples were cut from black trim on sample B1, one from a more eroded region (grey) 
and one from a less eroded (black). The pieces from the five ORU sides showing where they were 
sampled are shown in Figure 5. The samples were trimmed to 15 mm x 17 mm and placed in sample 
handlers (Fig. 6). This enabled the samples to be transported among the microscopes and analytical 
instruments without being directly handled. 





Figure 4.—Battery ORUs located near a solar array beta 
gimbal illustrating their flight orientation. The “A” surface is 
facing the viewer, with the B, C, D, and E surfaces located 
in the 9:00, 12:00, 3:00, and 6:00 positions, respectively. 


Figure 5.—Pieces from the five ORU sides show where each was sampled. In addition, two samples were cut 
from black trim on sample B1, one from a more eroded region (grey) and one from a less eroded (black). 
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Figure 6.—Sample handler of the type the seven ORU 
samples were mounted. 


The exposed outer side and the unexposed inner side of each sample was imaged using a Leica MZ16 
optical microscope fitted with digital image capture at 7.1 magnification with the same white balance to 
show color changes of the fabric. They were then imaged at 5 positions: center and 3 mm north, south, east, 
and west of center. At each position, images were taken at 10x, 25x, 50x, and 100 magnification. The 
samples were also imaged using a Hitachi Model S-4700 Field Emission Scanning Electron Microscope 
(FESEM) using 1 keV electrons at the same 5 positions. At each position, images were taken at 50x, 100x, 
250x, and 1000 magnification. Some positions were imaged at higher magnifications as well. 

The total integrated reflectance as a function of wavelength (250 to 2500 nm) of the front and back of 
each sample was measured using a Varian Cary 5000 UV-vis-NIR Spectrophotometer equipped with an 
integrating sphere. These data were used to determine the total integrated solar absorptance of the fabrics 
as well. It was assumed that the color of the backs of the samples was the same as the original color, since 
it is unlikely that radiation penetrated to the back of the fabric. 

The total reflectivity (p(A)) in the mid-infrared region (wavelength 2.5 to 25 um) was measured using 
an 1850 Nicolet Spectrophotometer (ThermoFisher) equipped with a Pike integrating sphere measured on 
a deuterated triglycine sulfate (DTGS) detector. Data were collected using OMNIC software. Since all of 
the incident energy must be transmitted, reflected, or absorbed, assuming the samples were opaque, their 
absorptivities (a(A)) can be calculated using Equation (1). 


a2.) = (1 p(2)) (1) 


The total integrated absorptance (a) can be obtained by integrating the (A) over all values of A, and 
convoluting that with the air mass zero solar spectrum (S(A)). In practice nearly all of the solar energy is 
emitted between 250 and 2500 nm, so the following approximation can be made with little loss of accuracy. 


2500 nm 


ax > a(a)S (a) (2) 


250 nm 


Kirchhoff’s law of thermal radiation leads to the expression for the emissivity (e(A)) below, 
Equation (3). 


e(A) = a(A) (3) 
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The total integrated emittance (€) was approximated by summing the ¢(A) times the normalized 
blackbody irradiance values for a given wavelength and temperature (B(A,T)) over the wavelength range 
of the spectrum, Equation (4). There 1s little lost in approximating € over the temperature range of 300 to 
700 K by using A from 2.5 to 25 wm. 


25 um 


ex > e()B(A,7) (4) 


25 um 


It is important to note that, because of the limited range of the wavelength region probed by the IR 
spectra, there is a corresponding limited temperature range for which this analysis 1s valid. Temperatures 
below about 300 K or above about 700 K would require input over a wider wavelength range. This study 
did not attempt to calculate ¢ outside of the 300 to 700 K window. 

After imaging, half of each of the Al, A2, Bl, and B2 samples was gold coated in order to measure the 
energy dispersive spectroscopy (EDS) spectra, and higher magnification imaging. The coating enabled the 
use of higher energy electron beams so that more chemical species could be identified without melting or 
burning the nonconductive fabric. EDS spectra were measured using an AMETEK EDAX JSM-6360 EDS 
Detector in the exposed area of the sample and to determine whether the samples had been contaminated. 


3.0 Results and Discussion 


3.1 Optical Microscopy 


One of the most obvious effects noted even before optical micrographs were taken, was that four of 
the seven samples (Al, A2, B2, and El) had darkened, and reddened. Note the pattern of darkening that 
shows up in the survey photos in Figure 5. Sample B showed particularly dramatic color differences, and 
a pattern that indicated shadowing either of radiation or contamination. This will be discussed in more 
detail below, but Figure 7 illustrates the extent of the color change. Photomicrographs of samples B1, Cl, 
and D1 showed little darkening and so might be considered indicative of material that was neither 
strongly contaminated nor radiation damaged. 
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(b) 


Figure 7.—(a) The back of sample A2 at 7.1x is assumed to be the original color of the ORU. (b) The space 
exposed side of sample A2 appears darker and redder. 
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Linton attributed darkening of the B-cloth to increased surface texture and to the erosion of the PTFE 
to reveal the darker fiberglass below. In the present study, evidence for darkening of the fiberglass was 
found as well. High magnification optical microscopy revealed that there appears to be no or little damage 
to the individual filaments. Figure 8 shows an image of the center of the sample in Figure 7(b) at 100x. 
The glass fibers seen beneath the clear PTFE layer appeared to be undamaged. However, where the 
B-cloth was stitched together several of the fibers were pulled free of the PTFE. As can be seen clearly in 
Figure 9(a) this fiber has darkened markedly. 

In order to investigate this further, an additional sample from D1 was placed in a hyperthermal asher 
operated at 35 W with an air plasma for 165 hr. Under these severe conditions the PTFE was oxidized 
away leaving only the glass fibers. The asher also generates a high flux of UV light. The result, shown in 
Figure 9(b), was no darkening of the fibers. Thus UV darkening of the fiberglass is unlikely the major 
contributor to the overall darkening of the B-cloth. It seems likely that ionizing radiation (high energy 
protons and electrons) are responsible for darkening the fiberglass when AO erosion is severe enough to 
expose it. 





Figure 8.—A photomicrograph of the space exposed side 
of sample A2 at 100x shows no indications of fiber 
damage or contamination. 





Figure 9.—Photomicrographs of (a) the space exposed side of sample B2 at 100x showing a glass fiber which was 


pulled from the B-cloth during the stitching. It has been dramatically darkened compared to those shown in the 
background. (b) A sample exposed to 165 hr of a 35 W hyperthermal air plasma. 
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(a) (b) 
Figure 10.—The space exposed sides of the black trim of sample B1 at 7.1x in a (a) black region and a (b) grey 
region shows that the fibers are intact, but much of the black resin has been eroded away in the grey sample. The 
larger yarns seen in the upper portion of the photographs are the thread used to attach the trim to the ORU. 


Unlike the MISSE-7 fabrics, there was no evidence of splotches of discoloration that might be 
indicative of contamination. Figure 10 shows two areas from the space-exposed side of the black trim at a 
magnification of 7.1x. One appeared black to the eye and the other grey (as can be seen in Fig. 5). At this 
magnification it was clear that the difference is that in the grey sample the entire top layer of the black 
resin has been eroded from the trim piece. The erosion of the grey sample was likely due to ram atomic 
oxygen, and the black regions were shadowed from it. The full set of optical images at 10x, 25x, 50x, and 
100x are found in Appendix A. 


Ja Scanning Electron Microscopy and Energy Dispersive Spectroscopy 


Samples B1, Cl, and D1, which showed little darkening, were imaged in the FESEM. After initial 
imaging, sample B1 was gold coated to reduce sample charging in the microscope and improve the image 
clarity. At a magnification of 500x, um-sized holes were evident in the PTFE coating. At 2000x there 
were areas where the PTFE had apparently eroded all of the way through to the glass fibers (Fig. 11(a)). 
The full set of FESEM images at 100x, 500x, 1000x, and 2000x are found in Appendix B. 

The greatest erosion was seen on sample B2, where the material was discolored. It was noted that 
sample A2, which was also discolored, showed little or no erosion. This would seem to indicate that the 
process that darkened the fabric was distinct from that which eroded it. Previous studies of the effects of 
fluorocarbons suggest that the erosion was likely due to atomic oxygen attack (Ref. 3). 

Although there was evidence of texture on the PTFE, it was not as well developed as the texture on 
the MISSE-7 samples which were exposed for only 18 months. In general there seemed to be less damage 
to the ORU surface, despite its longer exposure. However, it was difficult to judge how much PTFE has 
eroded away since there were no areas protected from atomic oxygen. 

Photomicrographs of the black trim samples confirmed the optical microscope observation that the 
gray areas were much more highly eroded than the black areas. Figure 12 shows that the black areas 
showed even less erosion than the main body of the ORU, possibly because of the extra thickness of the 
black coating. The grey areas, however were more highly eroded than the main body. This was not 
surprising given that the AO erosion yield for carbon is much higher than that of PTFE in the LEO 
environment (Ref. 4). 
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(a) 
Figure 11.—Battery ORU degradation after 8.6 yr (a) compare with FEP fabric degradation after 1.5 yr exposure on 


the wake side of MISSE-7 (Ref. 4). 
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Figure 12.—Black trim of the ORU degradation after 8.6 yr exposure varies from no discernable degradation (a) to 
“grey” areas where the coating was eroded down to the fibers (b). 





a9 Spectroscopy 

Figure 13(a) shows the reflectance spectrum of sample E1 in the region of maximum solar 
absorptance (250 to 2500 nm) for the front and back sides. Figure 13(b) shows the difference between 
these two spectra which was a single broad peak centered near 370 nm. The other samples were similar, 
although B1, Cl, and D1 had much smaller difference peaks. The full set of UV-vis-NIR spectra are 
found in Appendix C. These results were consistent with radiation-caused degradation of the mechanical 
properties of FEP on the Hubble Space Telescope (Ref. 5). The difference peak for all of the samples was 
in the UV, between 360 and 375 nm, which indicated that darkening of the PTFE may be due to 
unsaturated bonds induced by UV radiation. 

The sample taken from the B side also included a black trim piece. It can be seen in Figure 5 that the 
area of the degradation of the black to grey spatially corresponds to area of darkening in the main body of 
the sample. It is reasonable to ask whether that darkening was caused by contamination by the degrading 
black trim. However, the spectral lightening of the gray trim showed no spectral features corresponding to 
the 370 nm peak exhibited in difference spectrum of the darkened B1 sample. In addition, the difference 
peak was the same as that seen in the Al and El samples, suggesting that they were all degraded by a 
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Figure 13.—(a) Total reflectivity of sample E1 comparing the back, unexposed side (solid grey line) with the exposed 
side (black dotted line), and (b) their difference spectrum. 


similar mechanism. In addition, there was no correlation between the amount of darkening, as measured 
either by the total a degradation or the difference peak height. Thus, contamination by the black trim 
piece was ruled out as a dominant mechanism for the darkening of the ORU surfaces. 

EDS of selected areas of all samples showed no evidence of contamination from external sources 
either. In areas that showed minimal erosion there were only peaks at 277 eV (carbon) and 677 eV 
(fluorine). These peaks were expected in the PTFE coating which has a nominal chemical composition of 
(C2F4)n. In areas where the fibers were exposed there were also significant peaks at 525 and 1740 eV, 
corresponding to oxygen and silicon that make up the major component of the glass fibers. Small peaks 
were also identified in the fiber exposed regions at 1040, 1486, and 3690 eV, corresponding to sodium, 
aluminum, and calcium respectively, and presumed to be minor constituent of the glass fibers as well. The 
EDS spectra of the black trim stripe and eroded grey areas had very similar EDS spectra. One 
conspicuous difference was that the ratio of carbon to fluorine was about 0.78 in the black region, and 
about 0.60 in adjacent white regions. This was believed to be due to carbon black added to the PTFE 
coating to make the trim black. Selected EDS spectra are found in Appendix D. 

The UV-vis-NIR reflectance spectra of the samples show that the darkening was characteristic of 
PTFE degradation in LEO. Table | lists the a for each of the seven samples taken from uncovered regions 
of the ORU in order of least to most darkening. The back side a was 0.248+0.005, with a range of 0.015. 
The front side a was 0.267+0.020 with a range of 0.018. This value is consistent with the a of 0.22+0.02 
that Linton measured after 5.7 years LEO exposure on LDEF (Ref. 2). Note that, for the most part, those 
samples with darker front surfaces also had darker back surfaces. A least squares fit of the data reveals 
that about 62 percent of the variation in the front side a can be explained variation in the back side. 
However, since there were no preflight reflectivity measurements it was not clear whether there was a 
2 percent variation in material on launch, or whether the process that darkened the front side darkened the 
back side also. The mean a was about 21 percent higher than the 0.22+0.02 reported for the LDEF 
exposed samples and were exposed 21 percent longer, reinforcing the idea that a of the B-cloth increases 
linearly with time. 

It was clear that the A side of the ORU was most affected by the space environment. This is 
consistent with the A side being most directly exposed to the LEO environment (as seen in Fig. 4). 
Similarly, the E side was fully exposed to the LEO environment and was also darkened. Side D showed 
no change in a, and the change in side C was nominal. The exposure of side B was less uniform as 
reflected in both the photograph in Figure 5, and the a values in Table 1. 
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TABLE 1.—INTEGRATED SOLAR ABSORPTANCE OF ORU SAMPLES 
Qback Olfront/under back 


0.247 0.246 1.00 1.33 
0.240 0.242 1.01 1.30 
| OPA0 || 02 |; ter 
0.246 0.253 1.03 1.36 
0.255 0.277 1.09 1.49 
| 0.255 | 0.277 | 1.09 | 
0.251 0.275 1.10 1.48 
0.246 0.274 1.48 
0.253 0.299 1.18 

Grey 0.963 0.711 0.74 


The a of two samples taken from the black trim strap on Side B was also measured. Portion of this 
strap appear light grey, and portions black (Fig. 5). It was noted that the lighter grey regions were 
adjacent to the darkened areas of B. Measurements were made of the black and the grey parts of the strap, 
and of the surfaces underneath those two areas. Since the original sample (as represented by the back 
side) had a very high a, degradation tended to lighten these samples, rather than darken them. The reason 
for this is shown clearly in the optical micrographs (Fig. 10(b)) which shows erosion of the black matrix 
material exposes the lighter glass fibers. 

Samples taken of the fabric underneath the black and grey samples had somewhat lower o values than 
the backside of the other samples. It was expected that they would have o similar to the back sides of the 
other samples. But since the a’s were lower it implies that they were better protected from the 
environment. If these a are taken as representative of the original a of the ORU B-cloth, then the 
degradation was much greater than that calculated using the ratio of the front to back of each sample, 
ranging from 30 to 60 percent. The a of backside of the cloth even decreased by 29 to 37 percent. 

But the infrared spectra of the backside of the samples were identical, bolstering the assumption that 
these surfaces were not substantially altered by the space environment, or at least that they were altered 
only by a uniform process that 1s not dependent on characteristics of the space environment that are 
known to vary locally, such as solar radiation or atomic oxygen exposure. The only new spectral features 
that occurred on the front side (space exposed) spectra were a grouping of weak peaks centered near 8.1, 
8.25, and 8.7 um (1235, 1210, and 1150 cm‘) shown in Figure 14. Although this is in the region of C-F 
bond motions, no specific structural features could be assigned to these peaks. It should be noted that the 
silicone is a common space contaminant that can darken upon UV exposure, but the Si-CH3 stretch occurs 
at 7.94 um (1260 cm"), somewhat higher energy. And since the LDEF results also showed darkening, 
this was not considered to be strong evidence of contamination. The full set of IR spectra are found in 
Appendix E. 

The é of the backside of the samples decreased nearly monotonically from 0.922+0.001 at 300 K to 
0.655+0.006 at 700 K (Fig. 15). Space exposure did not appreciably change the ¢ of any of the samples 
over this temperature range, with deviations from the backside being less than 1 percent, within the error 
of the measurement. The ¢ of the LDEF sample was reported to be 0.89+0.02, as measured by a Gier- 
Dunkle reflectometer, presumably at ambient temperature and so about 3.5 percent lower (Ref. 2). 

There was, however, a substantial change in the ¢ of the black trim fabric. The back side of the trim 
showed a nearly monotonic increase of ¢ from 0.901 at 300 K to 0.932 at 700 K. The part of the trim that 
still appears black had a ¢ that was nearly constant at 0.932 over the 300 to 700 K temperature range. But 
the ¢ of that part that appeared grey dropped nearly monotonically from 0.937 at 300 K to 0.817 at 700 K. 
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Thus, the lightening in color due to removal of the black pigment that was evident in the visible spectrum, 
also had consequences in the thermal infrared. (It should be noted, however, that only a very small 
fraction of the surface area of the ORU was covered by this black trim, so the thermal performance of the 
B-cloth would be dominated by the white PTFE outer layer.) 
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Figure 14.—A blow up of the 5 to 10 um portion of the infrared spectrum of B2 showing the 
three small peaks that occurred in all of the space exposed ORU samples. No other 
spectral features were observed. 
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Figure 15.—The « of (a) the backside, and (b) the space exposed side of ORU samples as a function of temperature. 
Thin black lines show ORU B£-cloth « (which are so similar as to lay over top of each other), the thick black line 
shows the « of the black material, and the thick grey line that of the “grey” material. 
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4.0 Conclusion 


Optical microscopy of the MISSE-7 Space Suit Fabric Exposure Experiment samples showed that all 
six fabrics darkened during exposure in LEO. ORU results confirmed that PTFE darkens during exposure 
in LEO. FESEM analysis indicated that atomic oxygen texturing was not as deeply developed as was seen 
on the MISSE-7 spacesuit fabric experiment. However, there were regions where the PTFE layer was 
completely eroded, revealing the glass fibers underneath. It was found that exposed fiberglass darkened 
upon space exposure, but not upon exposure to UV radiation in a hyperthermal asher. It was concluded 
that the glass darkening was likely due to the effects of ionizing radiation. Thus, both components of 
B-cloth, the PTFE and exposed glass fibers, darken in the space environment. Because there were no 
regions where the B-cloth was protected adjacent to regions that were eroded, it 1s difficult to 
quantitatively judge the actual depth of erosion. 

Spectroscopic analysis indicated that the darkening of the PTFE was probably caused by radiation 
damage caused by bond unsaturation, rather than contamination. This is consistent with the degradation of 
mechanical properties observed on the outer FEP layer of the Hubble Space Telescope multilayer insulation 
after long-term exposure. The ratio of the a calculated for the front side relative to the back of the fabrics 
varied from about 1.0 (no change) to about 1.2, depending on the fraction of time the surface was shadowed. 
However, if the back side of the fabric that was under the black trim piece 1s taken as the initial a of the 
B-cloth then the a of the most heavily darkened areas increased by as much as 60 percent. The ¢ of the 
samples was essentially unchanged, except for the heavily eroded regions of the black trim pieces. 

Overall, the largest effect of 8.6 years of space exposure is the darkening (increase of o) of the 
B-cloth, with no appreciable change in the emittance. The mean a was 21 percent higher than that 
measured on LDEF, and these samples were exposed 21 percent longer, implying a linear relationship 
with time, at least in the later stages of degradation. This should be factored into the thermal performance 
of spacesuit requirements. Although there was also erosion of the outer PTFE layer completely through to 
the glass fibers, and mechanical properties were not explicitly measured, no gross mechanical weakening 
or failures were noted. 
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Appendix A—Optical Photomicrographs 


Nomenclature for the photographs shown in this appendix uses the following convention. Samples 
taken from the five sides as defined in the text and Figures 4 and 5 are labeled A, B, C, D, and E. The 
number following the letter describes the sample number for that side. 
Within a sample, the center of the photograph corresponds to the map shown 
to the right. Last, the magnification of the photograph 1s recorded. For 
example the photo B2-1-25 was taken at a magnification of 25x of the center 
of the second sample taken from side B. The first two photomicrographs of 
each sample were photographed using the same white balance settings to 
show the color differences between the front (space exposed) and back sides 
of the sample. 








Al1-1-7.1 back Al-1-7.1 front 


) aeed - ~~ | et a ee Pend beet = he 
ee! a) sa “7 hati Ss ene pw tome Cel ie ne ~ —— on feed: ted: pees = 
ee ae —_. 4 oe wee 1m ee 5 oy ee eee ~ es 

-_ ‘ . 2 ee ee Sette ies a Demet beats ne Paes 

f - - 7 - 

ee a ee =} Cay ped. piste) wer jen, iat es ee 7 
pe oe ge a a _ Mt Son aw -_ p reine none ss =a bende bes 
_ ” Sad ee ee ee ee el vn Rd oe We we Wee erat 


ett ete iin Se ee ee isan aaes al oe Seal teal he ~or 9 
we 4 - - 





NASA/TM—2016-219404 15 





Al-1-50 Al-1-100 





A1-2-100 


NASA/TM—2016-219404 16 





Al-3- 7 A1-3-100 





A1-4-10 


NASA/TM—2016-219404 17 





Al1-4-50 


_——— et ee ke ee ee ee ee ee ee ee 


- 


co 


— | 


how 


NASA/TM—2016-219404 


| 


a 


y 


ee ee ee ha es ~— is 


*.. - i - i 


i ee a — 


ee ee pry 
: |. 


ht De Tas Ee hee eee 
on on § how, #-« _- 
a en he ee a 
= a _ _— 9 nme 


Ce] Sn haa ee he a 


~ - ~ ~-« 


18 


Al1-4-100 





A1-5-100 


Cas : - =) 
Pe ded =~ oe Pied =_ 
ad ed hall oe 


a hl 5 Oey ey 


 aicead tical Micah ry ey ee ee ee oh oF 
dt el | we eee ee, dt hed be 
pe ee ep ee & a, ae > an 


a ee 
ee el bed] 
et a ea a a es 
ees SS ee ee a 
= et ee ae ee ET hee 
- a a 


a 


a hh he eg hy eh eye 


ww) eel we =|, bated It Reed I tied teed Need Renee j~ bee ~~ 


beed ed: bees eek ess bea 
rtp grey a F 
— = — heed 5~ j= "ee 7 "be he 


| Hines Mies) Hinead E haned feted beeel t eedt hase heel Penal 


sed Miesd ibsend heed 2 asin betel eset edt Med St eel eee | 


Cede) eg ey ee i had teed hated ee "Weed Tall beat hendh teal| 
saad iad Maated Shen t Wed. Dosa eee Weed Meee eee heat eel Nee | yr | 


. 
seek | been "bel ~ a {~~ “bean om “tee - 


5 Bed Mined) Mead Bhieed 9 aad, "head thnk. teat oie eek 


- 
wep ee ee ee saat teadl. Ft haat Rael head eed fee -' ry i- i> 


_ ' 
my el = beh Peel F bee besa? Smet eed. 4" i heal - 
lI i y=) bead J wel Pee bet Baath Meee eee 

bead | al a Peal | =) e) et =) at ad i~ 

' = Sl iead Hiei Eine | head 7 been, ee al 


"based 


ad ied ial | a Desa f Pond 2 Dated f Breet based I hese hed 
7 eee ee "Peed Desned Died heed | 
~y ye myer = Pel 4 
Ried Heed Pies | bel ~~) Phesth Peed teal F bead’ Then 

based Biel A binasd Ebeaad teed Pied Tt heed Baad head F bed oaks - 
| Picea Eheeed Ehime 2 heed fend hee wry 


ed | —) =) ~” Pl | hea | “— bal "head i 


i: baad | bd | ee a bed | bese | jm eee] 


- 
dd et ad 
- . 


Sal | ~) bel | seal © Teed | Sad | 4~t)> ; 

ad - bd bet, Meath J ~~) snr t . 

=) ~~, wry , Pg beh | Lal heed 

— sm eT 


- - 
bead ed | bath BF Renal ied | —. bd I ell fe 


| id | bead | bed | bd Bid 


hee | Rl | 





A2-1-7.1 front 


A2-1-7.1 back 


bead | oad 3 =) banal eo eels rh eee oe oe od 7 Se 


ee 


p wy May Mp wap Oe} Se ee ee Se - 


ad »F oe baal | ~} baal J ak) Ce he Ed ~ 


- 


ah. 


Ls ~) ed re ee ep ep wen Seer el ~~) = edad 


- ay ™} el eh MD Me tt Madd =). ee 


aioe | so} Mead hess] Shas) ten) Diet teed Sheed hee eh tk 


aT “ey eel eal} ~ oe — ~ ome trey ey eee 


eel a tT, > ~~ ee a en he 


— 


S| saad oT me a Leet rat tT —— — —— 


- ad aT ~) on — ek rT —T ee. ee ee | 


a 


—) uy | bated 1 ~ 7 oy a a ee ee 


a | ae | a re =? ~y Com # —- 


> 


. 4 . - ; 4 _ > c.. a —_— 
baal | sd aad | aah | eal 4) > a Rk - 7 


Sl heed at) ad ey me Sede mem Bes roa wt ps oe ee 


okt al) on —~ an mm, od | rr ro er | a | 
~v = al ey Tr woe ~ we oF an a es re — 
<* one 


— 


" Tr aT ny on Tht el 


FA 
~ 


~ 


Pa 
~ 





A2-1-25 





A2-1-100 


A2-1-50 


19 


NASA/TM—2016-219404 


A2-2-100 





F ey mee a ied eis co 
eis 
_ ™) ed] Med Mid 
Bled Bed Bid Bed Biel ead 
; Beal | or Sead Miah 
sol ied tial Hieed eed ee a et 
| _—* er eet: p A aR ee ee ee ee 
ileal | mre ep mee ee woe eee ee Ow ~ 
my mr my 
es od oT ay Sat pe Gey oe 


ee oe Te Te 


~? om) sa ST he Ta) ed i) ee 


dd a Mined Binet oe 


~ C ary a a ee aT or 


hehe a ss 


A2-2-10 
A2-2-50 


el el teeta a er 
py lore ty Sey Hep ep Mey ies 


eek 





A2-3-25 


‘ne es ge vee epee mee ee ae pie Pee Nee By he Py PEE ET 
Te) Bn) shes Red Reed Rael sheesh tid clea heats Ral bak Rl bed J 
wr TP SN) ed Shee) heed |  ttheed thaaliieed Aheadiien — heed Shes 
| hese the) Theale Shee) Di odie tluind ahead aie aha a ~y 
“Tr So Mel lead heh Alea Meal sh tens Ped deel 2 tad a leelbhen 
of he) Med eid hed shed) te wren en al eal telah | 
bo) thal el ieee) ed heal aed 2 od Cited) iadaled teal ~ 
ed end a bel J thee ee eel Bhd sd heed tact thal iiieda eels 
sd ie) Mead Mie) Mead Sheed Uhed id Died cach iheohi ied A beetle feed 
Ais Alc a dahil he sc aha ada ted, 
Ne ded Dhaest) ha) hel end dha healed edhe 
La ‘wer or er Seen er sca} Peosl aoa heed eek Bete 
~~; bd J ad heed J Pr od I ‘ant diated aed be al ae ah een :> 
diel er er er Sr en tp Pr or op Rote 7 
he) cop ap ee Sp ee S Tat nd tind hetaaadtests hell be 
La bed J aT bed I ~~) add bs Ce ed sada er@nt ods bed 
ay cl aed IB on? te i dead he cad he Peed howd 
i 4 a Sr Sr Se Sp beers fob d bead Ladi bed | 
Ae bd 2 Or Sp ed er 5 Telestiied a) bet bendd beod 
f edd At eddies Go Re Sp mn 
Ait ? sah Sihee ol heads oat peed ie ~- 
od Eves theo Pied . sl heed tend heel Let b 


4 


7 a aT Motahell a kal th 

Shee heh) =,” Hee Ry ad a, ht 
. Te. Si an ae a 
i tes Sy Sr Me Sr Be Brit? 7 bled 
* el ry ak Bhool Sptes Sp at _ Be ~ , sed = 





oe TF ees TT ; 


20 


A2-3-10 


NASA/TM—2016-219404 





A2-3-100 








id Med Deed Med teed ~ so) Ree) ited heed died eed eee hed 

“thes Bisa) Hie) Meee Died Dieoed thal Peed dined aed e ted ed 
a a bal a eed head sl thant last teed edt ed tienda baa bel 
sd Seed Med Me] Biel heal A ed Shed ald Pe tee 
aid th ahd ah al bead py Lille) thal aiend abel heals 
se J sd Sed ~: sd aaa head Sheed shad Shed hel lid 


be) ol da er) hed Mae) hand thee Wad shel heed he 


ies 7 4. da Sd ahead bd Theed Zhen sd ended 
aid op rer sl Mid I aT sleed Heed Aieal Mie teed tied ball eel 


wh wp Gr er sd ahead Mond shen) ahead hel sed abel eft 
me he ee ola heed aisha ed 
pir ye Sep Rip Seer te ee 
at hed heed het el beth) hed edhe laedebeal © 
ded ee as hed Sele heldhed halabede 
_ oe ey. me Mp! = a ap hr orem | it 
S;« ba Se} diel 9 el deiebelabeds Mey Sone mt Q 
sen te * st en Sr tr trtee Seen er am <( 
top 1 > ae he fafa Tih teeth liked tbedl 
et Rb bn] he ti iia 
i bed f bend 2 ne Sey on me dteod ed 2 sahil 
sb a Sah See 
Ree td bk ~* a eed 





Ce he freeing <a 


ering Se Se pSee@rBuSuhaSt 


» Wied 5 Need aheeh be hel bode, 
eee ie ae “5: a ee ee 


Po ys. 


v A 
Se Pe ES We Ke 





A2-4-100 


A2-4-50 


21 


NASA/TM—2016-219404 


cede, Met Sie), ‘on 
Ts wey ~ Mok eT 
ms ed oad Peed on pe 


a ad all ald Ts ed 


Died 3 ool Eitieds baal Se edd 
Sid Leah te mF 
ae ad ‘omy ood ehaed 


A2-5-25 


nr 


take) hed akels ad end 


rae eels ol ddibend 


“Lobed ae ‘wot a mu 





‘pep er sd en) ice) ihe hate) heed heed ieee db Read heel Weal 
od Bie) ieee) Dhieed ie od Mosel dieses Miwed thane died ieee teen eed 
sd Med eed ed sad Mites) Sheed sited | dt heesh deine dee eee a eal 


: sald Spey mp Sel ed el bd heed Sa te ee 
bal | ad wr bd St Aiea ad et heed hon) heed 7 he 

H ~P ba ad J a) eed See) Dheted lt eekaiel bod Pe ie 

a i a) | oF bl he! heals st heed headin mee 
reer bad A bad J sed Mie Seed | nd lanai ied died tied een 

bed bed ~) > bd Od J Sd shed ee epee perl ~ Oo 
dikes) al so] Meal atied Aiea] Hak thon aedtieL theta eiiaaiieed — 
od ied heed 9 or oe bop et ee ee Rp ree pen ve 
ed Bisel ele od ead 2 od ed Ld ond eh beh he Rad QI 
J hel dhe] hod dol dod edahed hed heliedsiedebettbenss <C 
heed Mhece) td Died Md Shee] Mie) these] Shor) Led idheed ted a eek ine 
pl hed hel hed a) ed heed hel heals ted bathe eda kedal 
Sed nd edd ~ be bed Sr wr My od aed owe Mee, oe 

ery ™y ae bed =) bt] Srey Ser =P eed ideedl dee Sey 
Por Sten te fe Se Se Sp Be Sp Sr Sets 


~~ =! 





ie Sp Sip, Sp ee By ie Sp cae Se ert oy ey 
ed 
pf Spy typ Sp Sr By oer Spee: a 
phirth ®p®e Sp Sy ep ep Br See a? 
a ed or Sp Sr Se Sr Te 4P <P. Teketiedl 


Se = Sere 





A2-5-100 


A2-5-50 


at et Hie ol iis] Mined A med A mul Real onal ee eal ae | 


ed et Mid Biel Dhl © heel 0 eek tel hea Mand best hemmed —-_ 
. of 


ne 


ed heel heel el 
: - 


eT Te) oT hl thee | heeds Paekl nd Peek Peel 


— — 
>. > J o- balk Ps « 
ee eee - 


- 
ol 


aeninniemenmniin nine eee 
ened Aieesd Mitel Ate Aimed =) = ee Pee Fe, ey =p ry 
; =P = sy weg, Sep See Se ee ey 
bal | “1 -) _—, Sell ad J _—) ey ee ey bead d | 
| Bieed Diath Mieed Ded Diteed Bead Led | =) =) bee J | 
-? bed Med | ey ey ee based J banned dt ened 
=F = bad ied Feed heed I ned ~ 
bed | bl el | bed | al Rg Og SR yyy 
| ied | = ~~) = = bal 2 el A Ped A Peed bd | - 
wy ye ee wey Sey ee ee {yt 
;™=) 7 =P 7) => =) = =) =) 
bead | ~-) Saal] Sel | bel | bed | ad | he oe) Om, 
| Micwed Bical Hien Tied Pie Died Pheed | tek Ped 
al | |) bt bed ied | bead 1 =) ee owe = 
| Eick Died Hbeed A ieeed | =) - bead A Dense Ft Peel | 
my ey Mp ee =) 
ep ey Op ee Sy ey ee r= 
cad ited Mieasl Mband Ahead Stead fiewel A bend A Peed A beck bead 
, =e bel Sd nl | —- >, =, = brend 
~ 
bead | g wey Sey Bp Oe > asd 


y yp yp Mp wy Me, = 
: ; - 


ee Sew eee Gee. Seem. Se tee 


. - 


- ; 
, = ~~ a toe ae -~ a = = am — ~ 
7 - 


- I : : 
ol a - - > ae od om a — — ~ _ = 
fi 


: ; 





BI1-1-7.1 front 


B1-1-7.1 back 


22 


NASA/TM—2016-219404 





“B1-1-25 


B1-1-10 





B1-1-100 


=, 


et iets 


el 


a a Rell 
el _— 
ped | 


i 


bee] 
ad 
a 


ase 


al 
eel 


: 
: 
fi 
' 
; 


eel Sead 

fe al Rd 

pay ; my | ee nd 
yy > | 


; 


el 
eee = 


i 





==) wel mf 


ad 





B1-2-25 


B1-2-10 


23 


NASA/TM—2016-219404 





B1-2-50 B1-2-100 





B1-3-50 B1-3-100 


NASA/TM—2016-219404 24 


_— 7 


Pee | eer i bt ill i 4 
ell eet, Rew - pad aes Hy 


a) on -—~ on 
ha) eee) _ pun 


- 


==. 
as pan | Pees pe 


i —_ ee 
Pow] pred Ped Pomel Pr frame Pret Penh beat Demag Pans 


St tee ee ee 
pooeg Pmt pret | - 
i ee 
Peer Pret peed pret fine | 


peg pod 





—, 

Sl al ee ed ~ 

_ hen bh ae “. 

— —_— 
eee ee 
eae bows — we 


— 


= -_ edd “— 


Sel i Re Te ee ee ee ed 
pes Poet Brew red tend peed Deed emg breeds Peed reeds bed | 


4 ae, 
ee 
a) : 


a 


—_ 


ant 
Te 
at 


T 


Pend | bent Pont prod | 


—_ 
~~ 


— 
al 
Pet 


- 

7 
—_ 
a 

- 7 
— 


Ra 
ee | 
| FF Rees 
a) 
ed 
7 
prey 


Tha 


NASA/TM—2016-219404 


ee eee ee ee 
promt Pam» pres | bees pag” ng pod - | 


a Tt eal on Saal 
Pet Pes beet Pe pet ben emt peered roel fame Prd Pr 
* yi = 
joo ong fend Ped hem Pd | 


—_— = il SE 
prt ends Peng 


—_ et 
on deg 4 
| 
ead: ps 
— ~~ ean 


poet: Pew | 





~~ Reel ~~ 
pets prnet | Pres) prog broke prem) beaks premrte Peels ary 


_ Rl Sed al 

—— am _ dong bh, - 
el | 

— _ -_ ead 


— Rid ed al 


el 
ene ben 


— ee 
pons rons 


an 


wee Po | 


Saal 


Said 
pends Reng Rows 


— 


25 





B1-4-100 








B1-5-100 


B1-5-50 


| Miseel Nieatl Binns] Ebend heed Baad edt eal eels 
| Bed Bid Pied Biel Binak Eb bad heed It hae 
Minas Bhd Bieeed Bleed Pimad Ell Peed baal he 
bd Mead Mil | bead I Reed A toned al el | "bend 
| Misael Niel Enel Etieed Eloaed It henek teed heels 
= ey, wy 
| Pana 


bad Mitel Etna Ets 2 endl ~~, based I tened A eee 


, =) al il | Peed | ad Bie pry ey 


baal Mined Btend Bees | st I teed hoced B teeeed Ot ten sad bead 
ead 1; 
ey 


; 
Plat Biel sal Ital Biel Bt eed Beal Sheed Then 


=) Lal “, based tel 2 ened J bold 


- ; 
Pe ey ey sad team Teed Rese | ey yyy 


head Pissed Peal | "hens 2 boned d Posed. Pesad I hated A Deed A eed bee 2 


bd J 
ry 
=, ened >), heed # honed 2 " 
Missed Head Bleed Heed Plancl Pleat seal 2 heael B teed  baed 
a heed J -, &, &, baad Bleed] La -_ "heed bead 2] 
TF hesed 9 heed | al bal fed Ahead deel F bied Thea teed floes an 
ee 
head Bt based Beets », @, ~~, %, ~ Lt ed head 
Sette 
loa hed df eet oe 1 hand hall LF Lae a,,%,, 
head posed bok | baht bon I hed 4 esd 7 hed dled Teead Pee 
= ond wad Peak bet head 2 Pesel -, », >. =, a Teed _ 


ee 


: 


basil Cand Peed Fue t toed | sd | Peed 2 osed 2 bad Pinel hell ata feed Pied Pas 

adh fooall Loud (add Come ends me] [bd J hnd tall 2 heed J Teed Peed Pe et 
(Ee (wyzqaye Plaed feud deed 0 Peed I I Sie 
sad bail hood Pod Pnndll doweh b tomd b bose Bed 1 bond 1 toad Plead fad Peed tied hee 
epee pry! rer ett Be 
Set tee 


Tat gs a 





B2-1-7.1 front 


B2-1-7.1 back 








B2-1-10 


26 


NASA/TM—2016-219404 


— 


pe f 


on wy wy “re rae ; 
, ny me a” eal Coens 
ad wip ad sas om 


; ee Set 
ah “os “rei te & 
ea re a s f t 
Mall edt * ana Chl Ql 
a ; sa ey. ’ my - J ~ 
on 


tite bon Bees. s 


L : 
| , 


B2-1-100 
B2-2-100 





a bea! — sol ) it Sell bol bees \ aa ae 
ad =) aed —_ eel “4 _- i 


aah rai abaiahett- adap ened 


Sher het feet et tae ieee a 
| =I id aad | bad beet] ed —" at ht bead, ~ Cd 
ny ba ed ae a pat aa wre me at a ee —_ 
Ded ene band Beta sae ™ ena Miele — sat teed eed ie 
dee ies bean be . 

ae a ro a 
“yy 7 ed seed ead end nod Bibel ee ™ 


Lo: ey bee ° ad Sd “ dl fe 


’ ba | - 


a 


~ 
- 


B2-1-50 
oe 





Zi 


NASA/TM—2016-219404 


a ee ee i Rd al 


> =) -] -= bed Mah’ _s 
bed wed we} be _— =e 


§ he feret meee sek 


> we) we a 


De Re badd =r 


ee a -— 


Soot 


i] 


- eat) 


i nd ca Said + ated aa 


' ag he i Rd -- 


Le op ey _ cal - 


-—-. - -_ — 
- 


ised Hed Eheodiiead iaaltbediientied ited 


peed af ed _ - 


aed 


— -— - _- ee 
- _ 


a -— a - beeen ~~ - 


eet ton tie a a — 


beng cpm bool Coed “wee a8 


_ 


ont Hors Phong Phat Holla oll 





B2-3-100 


B2-3-50 


A 
se ee a 
sll eel 7 “Ws 


a >. Wipes £ 


Ct Pry 


ie ae rl Yerige 


eee 


: 


| ied Died Pied hed Phaad Dees duel hell ech eae heel Gal ee 
6 7 _ a 


Biel Hint Bhool Hived Hand ised heed tteedlleedittee ~ 
\J beh Mil | bead | -) i a | bd 

. . 
wy = ~~ bed | -) lh ew ~~ | 
my y my ey ~ Dee ew, oa -_ ‘— - 

ee bl ed Md “a = a none " ~—_ pee 


ae een ae a ae ee 


bed Need ted then tied tenant ota nnn ae 


tot nt Bod Pet Dheat Pied Phaeton ae | A ACO 


4 


7) wp ep ey Sie TC tited i 
2 aad, fry ad beat ey a Ts 

Sey oar ) bead, _ 4 oe 7 

y Sy ty ™ ee ee 


ann Sad ae 


ae 


—_ 


_ 


~~ 


ad Biied Bheed Thet Pood eat teat adiiaditaaitialt editien 





28 


NASA/TM—2016-219404 


by dy 
pea ee 
mrs a hme 
race Poor eae bag 
nar Paar Poet Pome 
beni Deal bora | 


— 
~. 


ad 


a - 
mo 
w be 
v= 

, 


i 


— 
a 
etm late 


-- 


‘ 
aan ee Oe a 


: 


J 
i 
B 
. 
sd 
a 
ie 

: 
ie | 


wn bag, 


co 


—_— en ae 
— 
. 
a | a | Poa 
—_ a é : 


aan | ae Se 


¢ , lhl a al ~~ 
-s | Pat ron 


cd 
7 


NASA/TM—2016-219404 


7 ~ ak ates A a 
in a ae, et ee 


t 


N 


ne om ian’ ~ bem oo 


— 


~q 


° 
a — 


—_— 


ee a a er ae) ee eres — 


he 


eee a ee 





i "9 ; ; ‘ 
oe ee oe 





ap eee 


- 


j nd 


or 


29 


i ue 


ae omer Reg 


an 
re ry 


ea 


eed 


Mire y 


= Bs 


| | poe dug, dl 
ree ye en 


& 
3 
hs 
ie pe 


| Beh 
Ce 

’ heath he 
<a, at 


ak 


as 


B2-4-100 


= 
ne 
os 

/ 


B 

is pene 
| 
= 


—t 
een 


po 


Y 
a 


ie 
2 pen | 


sper po 
wre 


1 


om 
gees he 
ear 


9 ars a 


ee 


aaa 


pe 





B2-5-100 


hens par 


hee Pa 
4 
ed 


ete 


a a 


= 
== 
Ss 
is 


f 
FM 







Meet 


bet fi th 





TE TE HELE ULL Re e ee 


Es IMR Nb, fe ISO Mell eta 


’ 
} 





ack 


B3-1-7.1 bl 





B3-1-10 | B3-1-25 





B3-1-50 B3-1-10 


NASA/TM—2016-219404 30 





B3-3-100 


2-100 


B3- 


} 


E , ; ; F ica 
' . . / é& . 
“mS 5 ’ | fm 


= eee ae eS 

hh Tn ht a: . 

ee se ee 
mh me =mae = 

ek a = ee, 


ke de eek eel ee 
Leak eee deter egy ee kh” 
ee ee Pras —_ > - 
a — a= Sa Sale te = A 
—~ ai te a a, 














5 eet tt gtutetat omar sr a | 5 ae ee ee eee eee eerie 
OS je reer = ee ee aa a tatty —! Sater le ee Sear er nat Sor eral ssa F 
ee oe ee ee de ee ee 









31 


NASA/TM—2016-219404 





B4-1-100 


B4-1-50 





B4-2-100 





32 


NASA/TM—2016-219404 


Sample taken from grey area 
i OP is 
Ear ve ef+4- ‘ba bad lee bem ~)>)er= eae 
iL. Peto toed eae. —~ahabeheahara) 
Labi hand harehendaarerarabaharabarar 
a LILI cab hdndbihdhahahahabane k. rT. 
aseasrsesesnscegsacssueses easeehy 
oe Darsnsapasecage seat eieieie 
io =. Seana Aa pe eaeenel 


wees) awe snererer fe ‘7 eeureesi 
Prseskssensessshess ary ine aid ee 
4p ei eie) stele esses ndes pee e pope 
Ae ek eal cl eh | LA dt fea ea ed ee a ee ee 
nibh hi hahha eel weuenseeunanneny 
SePeC eRe ReeeR EES ies hah ea bah bean leek fea ie 
pee heeeee re nae eet a eeees A inal na at 
SEPT sonar o Lona ath Mth Mead 
Beis reaeen. SOPs uC ee esetes esas anes. 
Aha bb ne hdd habe badhdhahe hd hahaa 
\ (So hepepeqe nh bebe be bb he bebe bahab 
ah ae ee ee Sen eee eeeensaae ie ine ee 
ba maenehehenera rene bebe bababhabahahan 


B5-1-7.1 grey 
ahababdbabone oie eo) 
| ih itt tet te a tell tech Peel Bee ¥ ro c ha 


aE SL ae ae 


sisteyo) ates aa A = 7] Ps ? bay 


vow be 
saeeeey AF 
a eo ee ee 
Labhakahbaba, 
PESTS Tere Te 
wk beak beak eek. 
si eoe 7 ee 
TIE SE IL. 
a 











db ath ok i 
bo)-ehe) +44 
= bei imc Riedl Riel 


re ae ee eS oe 


= 


a A i le i 
i ee 


oo 





B5-1-50 - B5-1-100 


NASA/TM—2016-219404 33 





B5-2-100 B5-3-100 





B5-4-100 B5-5-100 


NASA/TM—2016-219404 34 


Sample taken from under B5 


ea bs tht bed bat be ep bet 
ot ory Bed Een foe Zz 





pre Be ee ee De et eel eel eet) 


¥ P - 
Soil Pood boned? head band F hawt tnd : 
A . 
7 ; - - 
fewad” oed. Proud powd.) Poet peso imam 
“ss ~ aad 


vd ae 
i. 


Te bent Lente Iemle Iende tenhaicae, Seton teen | 
pas Mion Mid Eien Shs Tork bower fad Lod bd bea al | 
peat ieee Bee By be Popp Se ee ire 


of bod pa | 


=) awa QsR sass IS 

eebec Eben ted | | ot led loa oat beads bot | 
TP.) RHINE RsRIyIT ss s 
jpeg Bored BPerd P t | ged pend foods funat | 


— . : —~) a 
- iad Pt pnd: peed: pods pemay feito 
> 
>! VI TS VaweReawaeweRIz: . 


Cen id a 


=) I LN Ih LN SR RAsMILIS I=! 
=) Dh Mh weedeat se 
red Bees Bed Tweed) Lage 


ha Bore Boone Bed Donte BP) a oP beds feed beds beet 


pel Bey Bs Bet en rece add al id bed ol i i meng ape pnts Pols peest Pools Derg! be irae fi 


. head! ~ . a — Fi Y 
SS ane eneny — em tmnt eee ba 
Lice — wae pegl wads Pmt Pe pe] end feoads fem Cha 
7 J I - a) — — — 27 ce head rd .. 
my \O 7 : un Bien. peaks Bid 5 Ponds | etna” St 
pat tet gig") ~9 yp Py gmemagugnanaglat 


— — a) a 
Bond Bend Bes BP k Sends res ds Pd bed Dents feeds Pea 
——— — — ao Se Sa La — Ls Po 

as pag Epa oPred 4 Pm — Fargas. J. on 

SS — a) 


—_ os ot 


“+ lp >. tr aaa ees 

yg =p Se Sy eeetakkze fae 
es eee ket 
Sie diet Bm Pa a Mel ot ae 
ee 


. a he ed a — 


eg: 


Su 18 
ae 


— \ ik 
: ) 9 Prog 
— ~ — 


 Eiend RP bP 


a ~_— 


Pel) 
wae 





100 


Bo-1- 


B6-1-50 


35 


NASA/TM—2016-219404 


B6-2-100 


pel boot 3 on F 
mabe DOT Ye | 





jon Prod bmw bd Lod Lond font banks bande bolt Rima 


ell | = peed pd beng wearer ~s in 


po | Bend pe ye Rea Tied i me 
— “4 pod bot hod bod bord fond pond bd pa 
ped} ihr tre = jen 


Epon a Pe mi ifes thet et edit bet etl het es 


a ppeet oP Rete etttetitetiet altel Dds bes by 
bey p= ee a nae on co | 
mie ee et foe) fy Low pot bet Peat Pome 
wt ad met Bet bea entt et ees haetiadl eal eet en a= 
SD lon cpanicner tal ie aaa 
dP tee Pe LM ~— Ss 
ped Wamamamen— i= Rar 1z=4 = 
mie ae concerto Pl ed) Wel Pt bot bt an adit eile 
boa Irene yQunaS fees ay pot ak raz = 6 
U = ec tata of a ae z= i beg i= fe ~ handateo jie 2, 
id proal s Pond Dents Prolipwg be 6 ee ode fo i peed om 
abet a Basen a Pads Ponds Pree 
ma ie oh Oo beds bode feed ve ~: 
pugs e. =nzpzpwenyiat ted wak3= Pi 7 


Steed b ba Pat 








B6-2-50 | 





36 


B6-3-100 


NASA/TM—2016-219404 


a OP Tt) Sheed ; 
> Kem tn Set ge tem my eee Pn egg ey Ny 


a eT hele hed hed 


. 
a 

ee ee 

a ee eT hd bel baad 

ee eT bel bed 


ee Pe heel 


eee, 
a ee 


ee 


Re Me 


i 
ee ee 
eR RR RR ee i ae 


a al hed Slt hee hele 


, =e =~; ball bed | bad ed 
,™= rm! sd hee Peed 2 Rene bd Ohne 24 
— = bh bl | -_- -—) Lal tema - j= Ne 
| ed | sd Mead A heeed seed _ ~~! =I - 
[iid Aieed | - Tt Med | "eee sh tel Bt see -_ 
 Thced Piel Bhima 2 heed 2 honed 2 Devel. beetle 2 Meee >= = 
| se] Mined Aiea =) “i |) he Need | heel "heal | baad : 
wp ey owe sd ied =i sd F Teed Bt tenneel Ft Deed "ee | 
ie | =~ 1 -=) rr) "eeu =~ bee eal ~~ {~ a 
ad | baad -) bed | ed | "Weed bed | Reel ‘Tee = +) 
hme | Sal -t =!) =?) —) re _ — "ted "ved. bead al 
ad ied | Sad itd | bed Mead | bed tine | bao] i heed feel boned ; 
+ Pee aad | mp my 5 ool Bead I eel heel ee ~~ > 
=) -; -) ome Pe Ll Reel | bed. tend. eed | _ "hone -_ 
7! ad | at al wee eh re el Theale 
aad | Nal Med | Ll aad = ee "heal, co 


i bad | baad | eel J bed | bal el Peet. "eed - aod | the had ;~ 


bead | bed | baal | el -; bed rr Med I \=} al am lel 


ied | wp a) all a) aud Bead Feel hee nad "honnd beat bed 


bed ~- eal | =; bl ied —_— -_ —_ . 


| aed | eal baal Mise | a | Ted | bead, bal - j ty 
ad Phowd Abed [bao | teed | be bal I iene Slt ied ~ = 


— ead | bead” ead a | mr "betel 


sd Bund | st Phaued Pied Phaed | sad 7 hand a Te ad a 
7 bed | bal | ~~, me, me Pe : : 
ead od Mead ied Hid iad St ical head teal 0 Peed 
od ead ed | We wey My HY Pep ee _ 
P2EPVe Varo VeLKn ly Lalas 
op Pe Ze V2n2ezausas 

pe eal iied Bead Midd Peel ™, 

vat Pied Posied Pius 


=) ved eed ry my 








C1-1-7.1 back 





C1-1-25 





C1-1-100 


C1-1-50 


37 


NASA/TM—2016-219404 





C]1-2-25 


C1-2-10 





C1-2-100 


C1-2-50 


| oat heed] Cap om 


: adel =e nd 
a ~~) ond | ms) | 


aa | | ane) 
ry —) need el ~) baal] teed | nel | lh | n~ eal 
al | bed | baal teal | Sell —) oad ama j ret ad 4 m=, 
: aed ™~y) ated | A all | way bead Lead oe bd Rd | 
- dt Mee) a ~ 

= we) eal | nT i - : - 
- al ed | my ey my ey ~ a | ciel ae - 

vm =) ay ey al | anal | ball bend | i ea -~ _ 

== adit al al | bed | on bead we, i el on ad 

wy ead baal | mee Sep ee -; St a - —— 


"Wiad Bhews Htkoad Eten Awe 2 hod Pace hands teres bend & tesa belt been 


» rp al | wy —_, Wt» _— Deal | bad | Leek | boned ~~) Ve ad _— 


py Oa, eg ey ep, Hy ey Ms yg Og Og 


Piha. lad Bitaed Blatt tins At heed Wad eal Pam a 


a wey oy ~, ~~, = ~ _— 


haa] oad aly ~ ~. Sd oe coed Sa = 
; hn al ad tt taeeel titel eee el ao 
y my, 


eT  . . 
: : 


Ss = a 
- - - - 


a 


—— » = oe &» a ~ ~. 





"C1-3-25 


C1-3-10 


38 


NASA/TM—2016-219404 





C1-3-100 


C1-3-50 


py ey ye ee ee es ry ey ee ee =~ 


al ssid Ehtead Thess Tikal Eheeed Hie ead Aiea 0 head 8 Donel. bone toe wr, 


ied | baal | ad ad Mel ~ ere ee ey ey ey ee, 


eid Wey anal | baal | ~~; wy Wy Sere Ory ey ed ~ = tot 
; 
st Pines Phines Dead Piesen thew i aed 2 has hie A heed teed 0 feet A bead bee 
pty eg ey, ep ore eg ey em Marg amp, Remy amy 
Wy, Sy, Sg Rage, Seg Ring tay eg ey By me 
TT Thad dens tteen Hts] iitua beet Aiea i heed eed 2 eal bead ed} 
9 ey yy eg Op HO | 
pe ge, le, py Mh By, Mey my Oe 
i gy Mp yy 
A Bg Rp Rah Hp Hi ik a Me 
=) ng yO A ly yy Oy ey FM 
ee a a tel ehol hel hed hen be 
el he 


ied TT Mt! Mid Bleed Bt) Bhal Bhd 0 head feel Bea Wane bal Da 





C1-4-10 





C1-4-100 


C1-4-50 


39 


NASA/TM—2016-219404 








C1-5-10 





C1-5-100 


C1-5-50 


TL dt 
TT pel | ul) be 
‘bolt E bell | dell) bell | bell | pel 
Spl el pl bib bE bE 
3 Jf pe re rer. i 
fe" te fet ips ies igs ie 
‘el ee 38 pe oe bE. bw 
boll | Doll | old | Dol | Bell | oll) Weel i | 
eh bl be 
: i dell | ell | ell | | 
‘ie ei eR ee Ae. gl 
iS Pel Sel | ol | teal lhl be 
Ai bi be! ei be fF if 
A al ol Jeol | hell | deol | Beall | Beall | Be 
a ed eee oe 
feu fax fees iss igs i 
' fas fet fen fet ies 
te a | bell | dell) ole 
fer far fer ig7 
BitRit Die i ei Ete 
fer ie Renee 


a 


| 
) a 


ae 


a 


a4 


~_ 


te 


sel 


i... 


es 


ae 


Se 


I. i 4 


(= io 


‘.. 


oo 


ae 
Po 
poe | 


i 


(ow 


a 


ars 


- 


on Ba Jon. 


i 


~~. 


i 


] 


eo ee 


ae | 


to 4 


_ 


a 


— 


; 


— 


™ 


a en 


ae 


in. 


i. in. 


a 


i— in 


i] 


— 


i 


ita ta 6 


- 
— 


i. 


pee eee Pees 


i—_ 4 


oe ee ee Pe Pee 


~ 


pe a eae Pe 


bt ha 


Neg 


: 


ae 


ix. 


ee ee ee 


mF ce 


ae pean Pe Pee 


Ili te 


eile kK tk 


— 


- 


— os a 


— 


=e eee bed {... 


—_ 


pode Pee ene 


t—_ I~ 


ES 





wwe se 


D1-1-7.1 front 


D1-1-7.1 back 


40 


NASA/TM—2016-219404 





D1-1-100 


D1-1-50 





D1-2-25 


D1-2-10 


41 


NASA/TM—2016-219404 





D1-2-100 


wed bead fag 
pent bead bewits pomeah 
int 2a 
pont end) med bowed be 
Po beg Bog hey 

- 


ed _~ _ 
Deen ~~ - 





D1-3-100 


NASA/TM—2016-219404 42 


D1-4-100 


edt a ee pate 
poe Pris Jeol Pend Hard ben tent 
Mead | Med) Med Mead bead bat 
1 aah ot bed. jenth bowl 
eeb i Raed peed Piel Peed Pet beet heel Need bed beat he ke ee 
1 Peet Priel. Pemy f rr Pert Pe Peed Pert feed Peed be Nerd | 
peli eet perl peal ped) owl bet feed. fet Pets et hed bed be 


— se 


ome. 


,* ~ a 


Sel po 
Seed Pied Peed Piel Ree? Piel Teel. teed Gerd het nn nee, Sen a 
ma rey pews ‘ren! Pret | Prrnd beet prem Poi Sent Pent pont pad pat meds ped 

ed Pd Pits Peet tend Reed) Peel Bead heel tal ee 
=) poh Pmt Poort. Pont Prod | Pret Pood Pet ved pret fe Pog 


7 - 


- 
— heed < Mewel | Paeel Med. Beet Peed bet bh 
ie oe om peved | Pd Petwel Prey _ _ pres pow Poy bom js 7 
ee ee egy a er re ce ee 
: met eat met Prowt Prout poo Ped Pe pen ew, bes be _ pave _ ps 


nt Srroed sped iPod | Pred | ed «bred [bred Pend prot prod Port prod Peet be bad pe 


ay ae a “ ate Se —s Se oo 
bet Sd i ee a ~~ > a te ee ed 
ee he ee a a wre ee ee 

Pred: Pret | Peet | Pret Pw pred | Paws _ Pros _ Py pee pow pwd 

™) >.) Se Died | bed | Mead) Wad) tak te be 
f rome many Pent frend | Bived | Prd | Reed ony Soa Pom Sens _ beg _ prey a: 
) ve pred | Pats Reed» Pre Pte; Pens Peds Pe Bane Pe fae pe bes 
nd Mel bent het he te ee Te Real Paull hen dt hea te 
f tnay © Pel Peon P| Peed Prart - Prieg Ban Peay _ prey pom _ pm i. 

~~ 5 Ned | P Ped ee Te Pee ~— a Mee bee ee be 
eeeliate Mihai Ne pe pas pa laa a 

eed DP ted | ited | heed ed heed be) i od Seale — ~ 
a — | a ee pon I ee Pe | Pry fom bow Peng if 

- “2 eT a ee ee —_— te _ Sol ae ss 
La a an a ee ae pe paar p See ane pew 
— ae a a 
wee bec he 





NASA/TM—2016-219404 43 


Seas Le 
SLE ee bel el 
hel | bel | bed | ded) 
A EES 

a beh bk 
Sid bed bel be 


- Bok Bed bed | 


= 


D1-5-100 
E1-1-7.1 front 
E1-1-25 


i] 


st | 


| eh wet bed | ~~ 


-- baal i oll a al 


an ae 
= 
lef FF ee 


a ee ee ee 


a 


oe be Pe | 
thatthe 


y ed Beal can | -—) fet a 


as 
jan Gen San den 


i 


bene | | el ake cd Sal ay 


eS eee ee ee 


i. 
,in de 


—~ 


— 


: tad ed eh eh Md MR od = hae -- 


ad Ped 


-—, betel | nal Deel —_ ~~. -_ ee — aa 


— 
—_— =~ 


ieee baal) al et ee. - 5 wee aaa all 


~ 
fae Fey le 


a 


ed ee ee ee ee ee ee ee 
t 


ee ee 
a 


ead Mieead eh ed Med Be ee - = 


et Re) a To a — _— a 


> al | el eh ee ek ee ee) a. ~ ~ 


a a a 
. m, , Sant = ) “ee a ad 2 —s oe “wwe tee 


ee ee 
a a a a 


D1-5-50 


E1-1-7.1 back 
E1-1-10 


i Re ee 
Ye a a a a 
ss ee Se eS eS Se ee 

= = = lc 





44 


NASA/TM—2016-219404 





E1-1-100 


E1-1-50 


Thad Bed Pines 

er 

| Bled Bich Bitenel Bhan Mtcasl Mieadl Pad Maan 

ee a 

‘ — a ~~“ =e. om, 

hada | er a. ae 

y ry le a a 
_ 2 ee ee oe ey ae 
———— ee ee 

a a ee a 
SE ae SS ee 

Se 


OR SS ee ae 


a) 





E1-2-10. 


E1-2-25 





E1-2-100 





45 


NASA/TM—2016-219404 


| ee i Md Bed Bh Md) Bad Bie Die i ) hd le ie 
ory -_ o) eel i pe . nl ~~ al ~ ol 
- —} lh Oh es Od - ad aan —_— _ het 
~~ -) beaed | =) Fe) ee) - o ~ ~~ _ a -_ 
i a) =) Bs > -) ee) fer ee) oe al Ld 


i Mad | pe) re, Ret ee) ee caw =) — Rod _ 


By ED OE, OQ eye 
- 


~) bith Pond © hen £ Preed 2 boced 3 tened © bund F booed beet tesel bend bene 
- 
Bled Hines Peel Peal ee) eee ey) ee) ee aol ~ - 
~ : 


sh Dhees Phoel Phent Eieck tad tinal ead laattlkeadtatitical atte 


ee a ae a a 


st Bead Bleed Phot tieod lined edleed le RE Rd 


mp ey My pe seed hee ey er ee om ae 


‘Hhek teed Huet tied thas thatthe ee 


a ea ey ole a Se em aml 


ee ee ee ee ee a 


pet bestbet hats bethetet ahaa batten thet eed hod 





E1-3-25 


E1-3-10 





E1-3-100 


~ B-3-50 


eh. eh tet (a at -_ ~ al ~~ - 


i Oe or 
- 


De) ed ed ed eed ee ee ee ee ee 


bal ed ed Me Be ed) ie ee ee en ee ee 
| ied ih ed ied Bld Me) Mk ad Md et i 
aed | =) ae eed ee Med et te ed 


Tid Heed Peed Pal ed tial tet untied ettiettaltt ities 


wy om ert te 
sod thao Pht thet thal lead thal tall liedtthadt hen 


: : 
, = eS Se eS eS 
SS eS ee ee ee 


- 
SS a 





46 


NASA/TM—2016-219404 


E1-4-100 


oon 
pos 
‘i linen tiie way! been! bien! bam bee 4 lon 
on ce oe a bata Tides ddan “Deng Caen doe de de! 
oes 
lan 


l 


: 
_— — = 4 mn te 


co 


ee ee 


i 


nm 
lon 
ban 


aa 
~ 


| an ben 
RLS tS Pe a 


=i a a ve ere jae! oe t-_ len henn Ps lon { 


= 


bes "dine “dee 


7 
oy 


_— 


~~ 
— 


wae Nw 


~ — 
-_ — 


me Pe Pe | 


7 
~ 


— 


sr d aay 
ae 


i ee ee ee ee 


na lone’ den han ‘ 
lan dee. 


~ 


> 


ST ee ee ee ee ee 


- he - > e ate 
a ee en ee ee ee a laa how a 


a 


7 ~_ 
ah 


. e 


. 
if 
a 
rT 
Tt 
go 
| 
zig 
Le 
Te 
'§ 


~ — = —— | 


a 
a - 


b 





E1-5-100 


NASA/TM—2016-219404 47 


Appendix B—Field Emission Scanning Electron Photomicrographs 


Nomenclature for the photographs shown in this appendix uses the following convention. Samples 
taken from the five sides as defined in the text and Figures 4 and 5 are labeled A, B, C, D, and E. The 
number following the letter describes the sample number for that side. If the 
sample was gold coated, the number is followed by a G. Within a sample, 
the center of the photograph corresponds to the map shown to the right. Last, 
the magnification of the photograph is recorded. For example the photo 
A1G-1-500 was taken at a magnification of 500x of the center of the gold 
coated first sample taken from side A. 
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Appendix C—Total Reflectivity of Battery Orbital Replacement Unit Samples 


Nomenclature for the spectra shown in this appendix uses the following convention. Samples taken 
from the five sides as defined in the text and Figure 4 and 5 are labeled Al, A2, B1, B2, Cl, D1, and El. 
The two samples taken from sides A and B are taken from a lighter area (Al-1 and B1-1) and a darker 
area (A1-2 and B1-2). The total integrated reflectance as a function of wavelength (250 to 2500 nm) of 
the front and back of each sample was measured using a Varian Cary 5000 UV-vis-NIR 
Spectrophotometer equipped with an integrating sphere. These data were used to determine the total 
integrated solar absorptance of the fabrics as well. It was assumed that the color of the backs of the samples 
was the same as the original color, since it 1s unlikely that radiation penetrated to the back of the fabric. 
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Appendix D—Energy Dispersive X-Ray Spectroscopy 


Nomenclature for the photographs shown in this appendix uses the following convention. Samples 
taken from the five sides as defined in the text and Figures 4 and 5 are labeled A and B. The number 
following the letter describes the sample number for that side. All samples 
were gold coated. 

Data taken for samples of the black trim (and associated “grey” areas) 
were collected with a newer detector. Those data lead to the semi- 
quantitative values listed in the table below. 
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Black trim 





Status: Idle CPS: 6977 DT: 11.7 Lsec: 30.0 13 Cnts 6.010 keV Det: Octane Super 





Status: Idle CPS: 6956 DT: 10.9 Lsec: 30.0 481 Cnts 0.530 keV Det: Octane Super 





Status: Idle CPS: 5891 DT: 10.9 Lsec: 30.0 21 Cnts 4.880 keV Det: Octane Super 
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Status: Idle CPS: 6327 DT: 10.9 Lsec: 30.0 28 Cnts 4.880 keV Det: Octane Super 
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Status: Idle CPS: 5637 DT: 9.8 Lsec: 30.0 9 Cnts 8440 keV Det: Octane Super 
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Appendix E—Infrared Spectra 


Nomenclature for the spectra shown in this appendix uses the following convention. Samples taken 
from the five sides as defined in the text and Figure 4 and 5 are labeled Al, A2, BI, B2, Cl, D1, and El. 
The two samples taken from sides A and B are taken from a lighter area (Al and B1) and a darker area 
(A2 and B2). The total reflectivity (p(A)) in the mid-infrared region (wavelength 2.5 to 25 um) was 
measured using an 1850 Nicolet Spectrophotometer (ThermoFisher) equipped with a Pike integrating 
sphere measured on a deuterated triglycine sulfate (DTGS) detector. Data were collected using OMNIC 
software. Each spectrum shows the back side and the front side of each sample. For the most part the 
curves lie on top of each other, but in the darker samples (A2, B2, E1) there are some differences in the 
8 to 9 um range, and so a blow up of the 5 to 10 um region is also shown for each sample. 
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